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Abstract Both private and socialized healthcare systems

require treatments to be not only effective, but also cost-

efficient. Although the Ponseti method of clubfoot treat-

ment is effective, its cost-effectiveness has not been

demonstrated. We compared the difference in resource use

between two prospective cohorts treated for clubfoot by

either the Ponseti method or below-knee casting followed

by primary surgical release in the socialized healthcare

system of New Zealand. Using these cohorts and US billing

data, costs of treating these cohorts in the US healthcare

system were also calculated. Treatment of initial deformity,

recurrences, and complications in both cohorts were

included in the final assessment. Twenty-six patients (40

feet) were enrolled in the Ponseti cohort and 29 (46 feet) in

the primary surgical cohort. For most patients, the Ponseti

method was more cost-effective than the primary surgical

treatment in both healthcare systems. The cost of treating

both cohorts was lower in the socialized system than in the

US healthcare system.

Level of Evidence: Level II, prognostic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Nonoperative primary management of clubfeet has now

become the treatment modality of choice for this deformity

[10]. The Ponseti and French methods are two of the most

common treatments used today. In the United States, the

Ponseti method is the more popular method [11, 19, 20].

Proponents of the technique believe it is easy to learn [21],

effective at controlling the deformity, available in an office

setting, cost-effective, decreases surgical rates [17], and, in

comparison with primary surgery, results in better long-

term function [7, 16]. Although many papers report the

benefit of the Ponseti technique, few well-controlled

studies have been published [13–15].

Despite the lack of strong evidence-based medicine for

either approach, the switch from surgical release to non-

operative treatment has become the standard of care in the

United States [11]. Because of this, enlisting patients into

the surgical arm of a well-controlled study is difficult.

However, for many years, the main treatment of clubfeet in

New Zealand has been primary surgical release. New

Zealand is unique in that the prevalence of clubfoot is

higher than that in the United States [1, 18]. This envi-

ronment provided the senior authors (HAC, SJW) of this

study a unique opportunity to construct two equivalent

cohorts and monitor the differences between treatment

methods. In both socialized and private healthcare systems,

effective and efficient treatments are required. Although

the clinical effectiveness of the Ponseti method has been
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demonstrated [3, 4], its cost-effectiveness has only been

implied.

We hypothesized: (1) the Ponseti method of clubfoot

treatment would be more cost-effective than below-knee

casting followed by primary surgical release; (2) the cost of

treating these patients would be less in the New Zealand

socialized healthcare system than in the US healthcare

system; and (3) fewer nonmonetary resources (hospital

days, anesthetics, operative time, antibiotic use, and pain

medication) would be used by the Ponseti group. To more

accurately determine costs between cohorts, we assumed

bilateral cases to cost more than unilateral cases, and thus

compared unilateral and bilateral cases separately between

cohorts.

Materials and Methods

In November 2001, after obtaining medical ethical board

approval, until January 2005, all 87 infants referred to

Starship Children’s Health for clubfoot were offered the

options for nonsurgical (Ponseti) or surgical management

of clubfoot. Families were given the option of randomi-

zation or choice of treatment; only nine of these patients’

families agreed to randomization. Selection criteria for this

review required at least 2 years of clinical followup from

the initial casting to be included. In addition, only patients

with idiopathic talipes equinovarus were included. Fifty-

five patients, with an average age of 20 days (range, 10–

34 days) at presentation, with 86 feet met these inclusion

criteria. Twenty-six patients (40 feet) were in the Ponseti

group and 29 patients (46 feet) were in the below-knee

casting and surgery group.

At the time of referral to Starship Children’s Health for

clubfoot, patients’ families met with a dedicated clubfoot

nurse coordinator (JED), and treatment options, including

either the Ponseti method or below-knee casting and sur-

gical correction, were discussed. The risks and benefits of

each method were explained in detail. The family was

given informational handouts describing each clinical

pathway and was directed to appropriate web sites. Once a

clinical pathway was chosen, the patients choosing the

Ponseti method were placed under the care of one senior

author (HAC) and those in the surgical arm were placed

under the care of the other senior author (SJW).

Demographic comparisons between the two prospective

cohorts showed no difference in terms of gender, ethnicity,

family history, bilaterality, age at first casting, average

initial Pirani score (5.0), or years of followup (Table 1).

We prospectively collected clinical data at each clinic visit

using a templated data sheet (Appendix 1). At the time of

presentation, the clubfoot deformities were graded using

the validated 6-point scale of Pirani et al. [9]. This was

typically performed by either one of the senior authors or

the clubfoot nurse specialist. Other information routinely

obtained included ethnicity and family history. Ethnicity

was classified as Polynesian or non-Polynesian.

In the Ponseti group, feet were treated at weekly

intervals as described by Ponseti [19, 20]. This involved

above-knee casting followed by percutaneous tenotomy of

the Achilles tendon when indicated and final casting,

which remained in place for 3 weeks. All patients in the

Ponseti cohort who were compliant with weekly casting

required tenotomy. Indications for tenotomy were an

inability to dorsiflex the ankle at least 20� and any case

the senior author believed the tendo-Achilles to be tight.

One of the senior authors (HAC) managed this cohort as

he had been directly taught by spending 1 year with Dr

Ponseti. At the completion of cast treatment, all babies

were placed in a foot abduction brace. The open-toed,

high-top shoes (MJ Markell Shoe Co, Yonkers, NY) were

fitted by the clubfoot nurse coordinator and attached at

shoulder width to the Denis Browne bar. Parents were

emphatically instructed to ensure full-time brace wear for

3 months followed by night and naptime wear until the

age of 2 years [10]. Any problems with casts, brace wear,

and brace compliance were noted. As in our previous

report, compliance was defined as full-time brace wear for

3 months followed by at least 9 months of nighttime and

naptime use [10].

In the surgical group, feet were treated with below-

knee plaster casts applied over Elastoplast tape (BSN

Table 1. Demographic comparison between cohorts

Variable Cohort p value

Ponseti Surgical

Patients 26 29

Clubfeet 40 46

Bilateral 14 17 0.8

Gender 1

Male 18 20

Female 8 9

Ethnicity 0.6

Polynesian 17 16

Other 9 13

Positive family history 13 13 0.8

Average Pirani score 5.2 5.2 0.9

Average age at first cast 21 days 18 days 0.1

Average number

pre-(tenotomy/surgical) casts

5 11 \ 0.001*

Age at tenotomy or surgery 2.4 months 6.7 months \ 0.001*

Average followup 3.5 years 3.8 years 0.2

* Statistically significant.
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Medical, Auckland, New Zealand). These casts were

applied with upward pressure directed under the cuboid.

This was believed to help evert the foot and gradually

correct the equinus deformity. These below-knee plasters

were changed at weekly and biweekly intervals until

approximately 6 months of age. When indicated, surgery

was then scheduled. The majority of these patients

required a posterior or posterior medial release and sub-

sequent plaster changes. The surgical procedures were

carried out through a Cincinnati incision [5]. If the patient

had isolated hindfoot equinus at the end of casting, a

posterior release involving a Z-lengthening of the tendo-

Achilles, tibiotalar joint release, and posterior subtalar

joint release was performed. Patients with both forefoot

and hindfoot involvement underwent a full posterior

medial release. The subtalar interosseous ligament and

deep deltoid ligament were left intact. Patients typically

had one subsequent plaster change under anesthesia for a

posterior release and two for a posterior medial release.

After final plaster removal, patients were followed clini-

cally but required no further brace wear. However,

patients who corrected after casting alone (two of 29

patients) were prescribed open-toed, high-top shoes

attached at shoulder width to the Denis Browne bar.

Patients were then followed at regular intervals as deemed

appropriate by the treating surgeon.

Clinical records of all patients in these groups were

reviewed. We noted all surgical interventions and com-

plications associated with these deformities. Initial

consultation, clinic visits, and all procedures (primary,

revision, complications) until last followup were recorded.

The average age at followup in the Ponseti group was

3.5 years (range, 2.16–5.5 years) and in the surgical

group 3.8 years (range, 2.2–5.7 years). Nonmonetary

measures, including operating room time, days in the

hospital, number of anesthetics received, and medication

required, were reviewed. Using clinic and hospital billing

information, the cost of care per foot was then deter-

mined. These costs were determined based on the New

Zealand public health hospital system. All dollar amounts

were then adjusted to US dollars (using a conversion rate

of NZ $0.75 to US $1.00). Using this clinical data and

corresponding CPT codes, the cost of care for these

patients as if they had been treated in the United States

was calculated. Variables used in determining clinic costs

included consultation, casting, foot abduction braces

(Markell shoes and Denis Browne Bar), and in-office

procedures. Variables used in determining hospital costs

included operative time, surgeon and/or anesthetic fees,

perioperative care, and number of days in the hospital.

Medications are included in the operative and hospital

costs in the New Zealand health system and were not

billed separately; therefore, these were not included in the

cost of care in the US system. Similarly, cost of time in

the postanesthesia care unit is combined with day stay or

hospital admission costs and not billed separately in the

New Zealand system. Therefore, these charges were not

entered in the calculations for care within the US

healthcare system. For patients awaiting procedures,

estimates of operating room time and days in the hospital

were based on other patients within the same treatment

group undergoing an identical or similar procedure. To

determine the end point of clinic visits in the New

Zealand system, we used the discontinuation of abduction

orthosis in the Ponseti group and the first postoperative

visit in those children requiring surgery. This was

believed to indicate the end of initial ‘‘active treatment’’

and remove any subjective differences in followup

between cohorts. However, any patient found to have a

recurrence or complication in either cohort requiring

further treatment had these hospital costs included in the

final calculations (See Secondary Surgical Costs in

Tables 2 and 3). For determinations involving the US

system, one visit outside of the 90-day global period was

assumed as the end point for routine care (for those feet

without recurrences) in those patients requiring surgical

management.

Demographic nominal variables (gender, ethnicity,

unilateral versus bilateral, and family history) were com-

pared in the two groups by a two-tailed Fisher’s exact test,

continuous values (age at first casting, initial Pirani score,

and age at final followup) by the Student’s t test. We

determined differences in nonmonetary resources (number

of clinic visits, hospital days, anesthetics, operative time,

antibiotic doses, and pain medication doses) between the

Ponseti and surgical cohorts using the Student’s t test. To

more accurately assess monetary differences between

cohorts, patients within each cohort were further subdi-

vided into unilateral and bilateral cases as well as those

with and without recurrences. We then determined mone-

tary differences between each subgroup treated with either

the Ponseti or surgical method using the Student’s t test.

Separate analyses were performed for care given in the

New Zealand socialized healthcare system and for the

estimated cost of care in the US healthcare system. Finally,

a paired Student’s t test was used to compare differences in

total cost to manage these feet by the Ponseti method or

surgery in each of the healthcare systems.

Results

In the socialized New Zealand healthcare system, we found

no difference in clinical costs between cohorts (Table 2).

As expected, the surgical group had a higher primary sur-

gical cost than the Ponseti group. We found no difference
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in cost of treating recurrences in either cohort. The total

cost of treatment was less for the patients in the Ponseti

group with unilateral and bilateral clubfeet and for unilat-

eral clubfeet with recurrences. We observed no difference

in total cost for patients with bilateral clubfeet with

recurrences (Table 2).

Clinical costs in the US healthcare system were similar

for unilateral clubfeet for both cohorts. However, there

were higher clinic costs for the surgically treated bilateral

clubfeet (Table 3). Like in the socialized setting, the sur-

gical group had a higher primary surgical cost than the

Ponseti group. The cohorts had similar costs to manage

subsequent recurrence and complications. The total cost of

treatment was higher in the surgical group than the Ponseti

group. Patients with bilateral clubfoot with recurrences had

similar costs in the two cohorts (Table 3).

The care for both cohorts was less in the New Zealand

socialized healthcare system than in the US healthcare

system. All patients except those with unilateral clubfeet

and recurrences had a statistically significant lower cost of

care in the socialized system (Table 4).

Just as the surgical group was more expensive to treat

than the Ponseti group, this cohort used more nonmonetary

resources. The surgical cohort required a greater average

number of days in the hospital and average pain medication

doses than the Ponseti group (Table 5).

Discussion

The Ponseti method of clubfoot treatment has become

popular over the last decade. Others have shown this

method to be effective [2, 3, 8, 12] and dramatically

decrease the rates of surgical correction [17]. Although

presumed, no studies have critically evaluated the cost-

effectiveness of this method. In this study, we show the

cost-effectiveness of the Ponseti method when compared

with surgical release in two very different healthcare set-

tings. Importantly, we included the cost to treat recurrences

in each group with an average of roughly 3.5 years fol-

lowup. This is important to consider because up to 40% of

patients treated with the Ponseti method require some

further operative treatment to correct a recurrence [10, 16].

Often, these procedures are ignored when discussing either

method’s cost-effectiveness. Thus, the purpose of this

study was to compare the resource use of the Ponseti

method and primary surgical release. We hypothesized the

Ponseti method would be more cost-effective than the

surgical method. We presumed that as a result of billing

differences, treatment in New Zealand would be less

expensive than treatment in the United States. Finally, we

believed the Ponseti method would use less nonmonetary

resources than the surgical treatment.T
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Although these cohorts were prospectively assessed and

assembled, treated at the same institution, over the same

period of time, this study does have limitations. The short

followup time is perhaps the major limitation in this study.

With longer followup, more recurrences may occur in both

groups, requiring further surgical intervention. However,

the majority of recurrences occur while the foot is rapidly

growing and recurrences are less common after 3 years of

age [6]. Despite this cohort being a ‘‘worst case scenario,’’

having less than 50% brace compliance and 70% operative

tenotomies, the Ponseti method was more cost-effective

than the primary surgical method. Despite following these

cohorts prospectively, data were collected from clinical

charts, electronic records, and operative records and

reviewed retrospectively. Because the majority of these

patients were citizens of New Zealand and health care is

free of charge, costs to nonresidents were based on care

given. This is a somewhat artificial cost, but the authors

believe this is the most accurate assessment that could be

performed with the data available. Similarly, costs of

treatment in New Zealand are more often ‘‘lumped’’ rather

than itemized as they are in the United States (ie, medi-

cations required throughout the hospitalization are included

in the hospital stay charge and not billed separately). This

likely represented an underestimation of cost in the US

healthcare system. Despite this, the authors believe the

overall differences and the trends would remain even if

dollar amounts were slightly different. Likewise small

differences in billings between healthcare systems may

have altered final dollar amounts calculated in this study.

Three patients had undergone recasting in the Ponseti

group and these were billed as clinic visits as is the norm in

New Zealand and not as cast applications as they would

have been in the US system. Also the one patient in the

Ponseti group requiring revision surgery after a post

operative infection was not billed for a preoperative visit

for her revision tendon transfer in the New Zealand system

as this visit was 91 days after her initial tendon transfer and

15 days after her wound debridement and therefore would

likely be within the postoperative global period in the US

healthcare system. However after taking into account such

variations, recalculating billing totals lead to small differ-

ences in final dollar amounts but all significant trends

remain statistically significant. Finally, as financial markets

fluctuate, converting and comparing the cost of care

between two systems becomes very difficult. We chose in

this study to convert all New Zealand dollars to US dollars

using a rounded conversion rate applicable when these data

were reviewed. As times change, the values we have cal-

culated may also change, but as stated before, the

differences and trends should remain.

Based on our findings, the Ponseti method was more

cost-effective in managing the majority of patients in this

study. This was true in both the socialized health system of

New Zealand as well as in the US healthcare system. The

cost of Ponseti treatment is higher than one might expect.

Often the technique is considered ‘‘low’’ cost, but in this

study, we found the average cost of managing a foot

without a recurrence was NZ $3000 in New Zealand and

US $5000 in the United States. Some of this cost comes

from the fact that over 70% of the tenotomies were per-

formed in the operating room. This included all bilateral

tenotomies and many unilateral tenotomies. Hospital costs

could have been decreased if all of these tenotomies had

been performed in the office. The senior author (HAC)

believes performing the bilateral tenotomies under anes-

thetic in a more controlled setting is less stressful for the

patient and the treating physician, especially when learning

this technique. Nearly all unilateral tenotomies are now

performed in the office. From this study, we also find the

cost of treating a recurrence and/or complication is not

insignificant. In New Zealand, the average cost to treat a

clubfoot increased from NZ $3000 without a recurrence to

over NZ $10,000 for a foot with a recurrence. Similarly, in

the United States, the cost increased from US $5000 to

nearly US $15,000. Thus, managing recurrences or com-

plications can triple the cost of treatment. One major risk

factor for recurrence in this New Zealand population is

brace intolerance [10]. Other investigators have reported

brace wear intolerance as a major risk factor for

Table 5. Comparison of nonmonetary resource utilization*

Variable Ponseti Surgical p value

Total Per patient Total Per patient

Clinic visits 297 11.0 419 14.0 0.41

Days in hospital 32 1.0 76 3.0 0.04

Anesthetics/trips to operating room 53 2.0 80 3.0 0.47

Operating room time 54 hours 124 minutes 91.9 hours 190 minutes 0.054

Antibiotic doses 91 4.0 98 3.0 1

Pain medication doses 32 1.0 169 6.0 0.001

* Values rounded to whole number.

1176 Halanski et al. Clinical Orthopaedics and Related Research

123



recurrences as well [8]. Like in our previous report, brace

intolerance was a major issue in the Ponseti treatment

group [10] . Less that 50% of the patients were actually

tolerant of brace wear. In our Ponseti cohort, 40% of the

feet required operative interventions other than tenotomy.

With the treatment for these feet costing on average three

times more than that for a foot without recurrence, brace

intolerance and a high recurrence rate may have a large

effect on the cost-effectiveness of the Ponseti method. With

such low tolerance and a relatively short (3.5-year) fol-

lowup, the cost-effectiveness of this method may be lost if

more recurrences occur over time and require operative

intervention.

Our findings substantiate the general belief the cost of

care in the US healthcare system is higher than that in

other countries. For both treatment groups, higher costs

were seen for management of these disorders in the US

system versus that in New Zealand. There are difficulties

in ‘‘rebilling’’ these treatments that took place in New

Zealand using US billing codes. Many services that are

billed separately in the US healthcare system are

‘‘lumped’’ into a global cost in the New Zealand system;

thus, determining the exact cost of care of these patients

in the US healthcare system is difficult. Examples of these

include medications and postanesthesia care unit charges;

thus, we did not attempt to include these in our calcula-

tions. It is important to note the cost of care in the US

health system was based on ‘‘billed’’ costs, not actual

money collected for the procedures. Although the

‘‘billed’’ cost of caring for these children was expected to

be and was more expensive in the US healthcare system

than in New Zealand, the actual money paid out for these

procedures would have likely been substantially less than

reported in this article (Table 6). Even the highest paying

insurance reimbursed less than half the billed cost for

each of the procedures. This would have made the actual

cost of care in the United States similar to the cost of care

in New Zealand. Looking at the reimbursement of the US

Medicaid system, the true cost of care for these children

in the United States would have likely been considerably

less than those in the New Zealand system. Despite the

discrepancy between billed and collected monies in the

US healthcare system, the New Zealand costs were also

determined by billing costs given to patients not covered

under the government’s socialized system and not actual

monies collected; billing costs in both systems were used

in this study.

Not only did the Ponseti method save money for the

healthcare systems, but resource use was diminished. This

was demonstrated by the fewer days spent in a hospital bed

in the Ponseti group when compared with the surgical

group. Furthermore, patient and family morbidity was less

in the Ponseti group as noted by the lower number of

anesthetics, days spent in the hospital, and narcotic pain

medication required during treatment (Table 5).

Finally, monetary cost is only one aspect of the cost-

effectiveness of a treatment. The second and more impor-

tant aspect is the clinical effectiveness of the treatment.

The literature documents the effectiveness of the Ponseti

method [3, 4, 14, 16]. Obviously, the functional results of

our cohorts over time will become more important in

answering the question, ‘‘What is the best way to initially

manage idiopathic talipes equinovarus?’’ From a clinical

and cost-effectiveness point of view, the Ponseti method

appears be the early answer.
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Table 6. Differences in US healthcare reimbursement based on medical insurance

CPT Description Charge Medicaid Insurance 1 Insurance 2

29450 Application of leg cast $317.90 $82.24 $165.33 $140.57

27605 Incision of Achilles tendon, local anesthesia $1018.60 $120.78 $267.75 $241.84

27606 Incision of Achilles tendon, general anesthesia $1256.20 $176.33 $391.62 $353.73

28262 Revision of foot and ankle, extensive $2871.00 $631.69 $1475.78 $1173.74
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